The objective of this study is to provide an effective multi criteria decision making (MCDM) approach with group decision making to evaluate different smart phone alternatives according to consumer preferences. The choice of the most appropriate phone is a very complex decision, involving several perspectives. In such complex situations intuitionistic fuzzy sets with TOPSIS (IF-TOPSIS) can be utilized to eliminate uncertainty and to better represent decision makers' preferences. The originality of the paper comes from its ability to handle high uncertainty in a smart phone selection and provide a real case study with IFS for the first time.
Introduction
The mobile phone technology has been developed and launched in the late 1980ies, and since then it has demonstrated a continuous, rapid and widespread growth. With its young population and developing economy, Turkey has also experienced a similar trend since the introduction of this technology in 1994. As of 2014, the mobile communication industry in Turkey enjoys approximately 68 million registered mobile phones, 58% of which having access to the 3G technology, double of the European average 1 .
Presently, according to Information and Communication Technologies Authority (ICTA) there are around 72 million mobile subscribers in Turkey, corresponding to __________ *Corresponding author. Phone: +90 212 2274480 ext:428 a ratio of 92.7% of active mobile phone lines for a consumer base. When the consumer base is limited by excluding the ages between 0-9, then this ratio even exceeds 100% 2 .
Number of mobile phones in Turkey is expected to increase and the number of 3G subscribers has reached to 59.4 million 2 . Turkish consumers are also displaying high mobile phone usage rates with an average monthly airtime of 299 minutes, the highest in Europe 1 . Turkey is selected for the reason that its position as an emerging economy in Europe with a rapid smart phone market growth rate in terms of penetration rate as well as talking time per user. The spread of the technology has caused a decline of smart phone prices and a large selection of available models, giving better access for the masses. Following a wider consumer base, producers have started to better react to consumer expectation 3 and come up with various designs and features to address different needs in the market, with regards to social and financial segmentation of the market. Moreover, access to the internet using Wi-Fi or mobile network is certainly an important feature for smart phones. With many built-in applications a mobile phone can nowadays be defined as a "smart phone" 4 .
Recently, consumers are being offered with a range of smart phones in a specific price band and the selection of a smart phone becomes an important decision problem 5 . Although smart phones can be used more or less for a life time of ten years, most users prefer to use their phones for a shorter time and change them with newer models. The smart phone industry proposes new features to attract users, operates competitively with rivalries and even shortens the life time of their phone models 4 . In addition, presenting a series of new features such as high resolution cameras, physical durability and other trends complicates the smart phone selection by consumers. Therefore, this study aims to propose a decision procedure for smart phone selection on a Turkish company. The selection procedure is ever more important for the case company, as it purchases large amounts of smart phones for its white collar personnel. Multi criteria decision making (MCDM) refers to finding the most appropriate option where many different decision criteria are to be taken into account simultaneously [6] [7] . In these processes, Group Decision Making (GDM) involves multiple decision makers (DMs) who have different goals or ways of thinking and can assess the decision process distinctively different from others. Nevertheless, for each of the assigned DMs there is a common interest to interact with each other in order to reach collective decision [8] [9] [10] [11] . Especially when uncertainty exists, achieving consensus for a decision in a group with different opinions becomes more important 11 . Generally, GDM problems are solved by utilizing classic approaches, such as the majority rule, minority rule or total agreement. 10 However, these techniques do not guarantee a solution that is accepted by all DMs. Therefore, Consensus Reaching Processes (CRPs) are becoming more and more necessary. [10] [11] Briefly, this study aims to solve this MCDM problem by using intuitionistic fuzzy sets (IFS) with GDM approach. In this pursuit, the proposed methodology makes use of intuitionistic fuzzy technique for order performance by similarity to ideal solution, shortly called IF-TOPSIS, which has been developed by Boran 12 . The underlying logic of TOPSIS 13 , a popular MCDM technique, is its consideration of the positive and negative ideal solutions for dealing with decision problems 14, 15 . In MCDM, various criteria need to be evaluated in order to reach a single alternative. However, evaluations of DMs can be rather difficult to collect and process, as the feedbacks DMs express are usually not precise. For this reason, IFS 16 are utilized to eliminate uncertainty and to better represent DMs' preferences 10 . In recent literature, some studies have clearly indicated that IFS present a powerful method to cope with uncertainty in decision problems [17] [18] [19] . In contrast to the fuzzy set theory, in IFS the data information assigns a membership degree, a nonmembership degree and a hesitancy degree to each component. As stated in Xu & Liao's research 19 , triangular fuzzy numbers, trapezoidal fuzzy numbers and interval-valued fuzzy numbers can only be used to depict the fuzziness of agreement but cannot reflect the disagreement of the DMs. However in real life, human beings frequently disagree, which is a common way for expressing their ideas. Hence in GDM problems IFS cope with these situations and aggregate experts' opinions for a collective decision [19] [20] [21] . Additionally, a TOPSIS model under intuitionistic environment is utilized to establish a flexible and robust way for DMs to better understand a decision problem in case of uncertainty and vagueness in DMs' perceptions [20] [21] .
Several publications have reported advantages of effective consideration of vague information [19] [20] [21] [22] [23] .
The main contribution of the paper is the definition and development of smart phone selection problem with IF-TOPSIS for the first time. To authors' best knowledge, no study so far has utilized this technique for the smart phone selection problem. Besides, this article also contributes to literature by presenting a case study to help corporate customers to better take decisions by evaluating and accordingly selecting the most appropriate smart phone.
This study is structured such that the 2 nd section presents a comprehensive literature review about the smart phone selection and techniques that is employed, and the 3 rd section provides a detailed description of the In the current telecommunications market, mobile communication is becoming popular, thus gradually increasing consumers' desire to use smart phones. Many of the products on the shelves also provide hints about the social and financial status of users, their preferences and attitudes. This turns the selection of a smart phone by a consumer into an important decision problem in which the most appropriate handset is selected even though the user is interested in smart phones in a fixed range of price. As user expectations can vary for each consumer, the selection of a smart phone can be seen as a complex MCDM problem. This study proposes a solid mechanism to support users in deciding on the most suitable mobile phone in the marketplace 5 . 
Smart phone evaluation criteria
Selecting criteria is one of the most important dimensions while constructing a decision model. Therefore, criteria are important components that enable alternatives to be compared from a specific point of view. Generally, users get satisfied with a particular product when its properties match with their preferences and expectations. In order to develop an effective came up with three demand dimensions and emphasized their differences. Accordingly, the smart phone handset, subscription to the 2G/3G network and mobile services are the basic dimensions of consumer demand. involves the subjective and invisible evaluation of the brand based on the brand awareness, the brand ethics and the brand attitude of the customer. Brand/Market conditions include Brand choice, Prestige, Fashionable style/Aesthetics, Personal information and media security, Price and Warranty/Service Availability. In mobile sector, consumers are facing higher security and privacy risks because of the data transaction in a wireless environment.
IF-TOPSIS with GDM environment
MCDM is one of the popular methods to deal with complicated problems that exhibit high uncertainty, clashing objectives, various interests and multiple perspectives [32] [33] [34] . Besides, MCDM methods are effective in decision making, weighting and selecting the most appropriate alternatives [17] [18] 17, 18 . IFS can also take the degree of hesitation into account and can deal with any error or lack of knowledge in defining the membership function. Beside these advantages, IFS can also cope with uncertain and vague objects. As such, it provides researchers and DMs with a powerful tool for expressing data under different fuzzy environments 17, 19 .
Integration with GDM can be exemplified in Xu and Liao's research 19 . It is stated that triangular fuzzy numbers, trapezoidal fuzzy numbers and interval-valued fuzzy numbers can only be used to depict the fuzziness of agreement but cannot reflect the disagreement among DMs. However, in real life recognition of human beings' disagreement is a common expression for effectively describing and communicating opinions. Hence IFS copes with such situations and aggregates experts' opinions for a collective decision in GDM problems 43 .
A key approach in GDM problems is to include many alternatives and DMs from different or same disciplines to find the most suitable solution among a set of available alternatives and attempt to reach a incorporates a simple computation process, systematic procedure, and a solid logic that considers the rationale of people's choices. In this paper, TOPSIS is utilized as a ranking technique based on its rational logic and understandability 14 . Although TOPSIS is very popular to solve MCDM problems, this approach also has some weaknesses. A better approach may be to use IFS rather than fuzzy sets, where criteria ratings and weights are found with intuitionistic numbers. Recently, many researchers extended IF-TOPSIS for MCDM. These methodologies have been applied satisfactorily to different research areas for evaluation purposes and these are summarized in Table 2 .
As seen in Table 2 , IF-TOPSIS is integrated with different techniques in various fields of application. On the other hand, IF-TOPSIS is utilized with interval valued approach which is different from Boran's [12] [13] [14] proposed approach. To authors' best knowledge; there exists no publication in which IF-TOPSIS is used for the smart phone selection problem. Therefore, this paper contributes to the literature by addressing this research gap and demonstrating the applicability of the proposed method with a case study. 
The Applied Methodology
This section briefly summarizes the methodology to be utilized in the paper for solving mobile phone selection problem. First, basic knowledge about IFS is presented and then the computational steps of IF-TOPSIS with GDM are explained.
Preliminaries
The methodology explained in this section first presents the basic definitions and notations of IFS, most of which are taken from Atanassov's study. 37 In a finite set of X, IFS S can be stated as:
Here, ( ), ( ) ( ):X [0,1] is the membership function and the non membership function respectively, so that,
In IFS, there is another parameter ( ), called the "hesitation degree" that checks if x belongs to S,
Here, for every x X:
As ( ) becomes smaller, the certainty of the knowledge about x becomes higher. As ( ) gets higher, then the knowledge about x becomes less certain. In this case, when ( )= 1 -( ) for each and every element of the universe, the concept of ordinary fuzzy set is recovered. Defining M and N as two IFSs that belong to the set of X, then the multiplication operator can be defined as the following.
= { ( ). ( ), ( ). ( ) ( ). ( )I }

IF-TOPSIS
The general view of GDM based approach of IF-TOPSIS is given in " ". The methodology of IF-TOPSIS is adapted from Boran's studies [12] [13] [14] . The summary view of this framework starts with identifying evaluation criteria and alternatives using experts' opinions and a detailed literature review is required to search and collect information. Next, a committee of experts is necessary to provide group decision. According to the group qualifications, different weights are determined for each DM. Then a comparison scale to weight criteria set and rate alternatives are selected. In the next phase an aggregated intuitionistic fuzzy decision matrix is constructed based on DMs assessments. Then criteria weights based on DMs assessments is obtained. The framework concludes with focusing on the selection process. Here, TOPSIS is adapted to the system for ranking available alternatives of smart phones in a decreasing order using their relative closeness coefficient. The steps of the IF-TOPSIS are explained briefly as follows: Define = { , , … , } as a set of alternatives and = { , , … , } as a set of criteria.
Step 1: Identify the evaluation criteria and alternatives for the smart phone selection problem. The objective is to find out the most appropriate smart phone alternatives among the others.
Step 2: Find the weights of DMs' evaluations. Here, the decision committee consists of three DMs. The importance degrees of each of the DM evaluations are processed as linguistic terms expressed in IFS. Assume that = [ , , ] is an intuitionistic fuzzy number with the rating of k th DM. Accordingly, the weight of the k th DM can be obtained as:
Step 3: Select a comparison scale to weight criteria set and rate alternatives. Linguistic label sets with their respective IFS are given in Table 3 Step 4: Form an aggregated intuitionistic fuzzy decision matrix that is based on DMs' assessments. Assume that ( ) = ( ) is an intuitionistic fuzzy decision matrix for each DM.
, ,.., ) be the weight of each DM and = 1, [0,1]. Operator IFWA will then be used to aggregate DMs' evaluations in order to rate the importance values of decision criteria and available alternatives in the GDM process.
Literature Review Experts' opinions
Step1: Define main criteria, sub-criteria and alternatives to build a framework in mobile phone selection process
Step 2: Determine the weights of DMs
Step 3: Design and select a comparison scale to weight criteria and to rate alternatives Establish intuitionistic fuzzy decision matrix based on DMs assessments with respect to alternatives Construct aggregated intuitionistic fuzzy decision matrix with IFWA operator
Obtain and evaluate criteria weights based on DMs assessments
Construct aggregated intuitionistic fuzzy decision matrix with IFWA operator
Experts' opinions
Step 6: Aggregated weighted intuitionistic fuzzy decision matrix
Step 7: Integrate IF -TOPSIS to aggregated weighted intuitionistic fuzzy decision matrix
Step 7: Calculate negative and positive ideal solutions
Step 8: Calculate separation measures of intuitionistic fuzzy sets of alternatives
Step 9: Calculate the relative closeness coefficient to the intuitionistic ideal solution
Step 10: Rank the smart phone alternatives
Step 4
Step 5
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Then intuitionistic fuzzy decision matrix can be defined as:
Step 5: Construct and evaluate weights of criteria according to DMs' viewpoints. The importance degrees of each criteria can be shown with "W". Then, in order to evaluate importance degrees, all individual opinions have to be fused. Here,
is defined as IFS that is assigned to criteria X j by the k th DM. Their criteria weights are calculated as follows:
) (7) = , , , . . , , = , , (j=1,2,..,n).
Step 6: Establish the aggregated weighted intuitionistic fuzzy decision matrix based on the previously constructed criteria weights (W) and the aggregated intuitionistic fuzzy decision matrix, as shown below:
Finally, the aggregated weighted intuitionistic fuzzy decision matrix is found as:
) is an element of the aggregated weighted intuitionistic fuzzy decision matrix, as found above.
Step 7 
, .
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Step 8: Calculate the separation measures of the intuitionistic fuzzy sets of the available alternatives. The distance of each alternative from the positive and negative ideal points are computed as follows: 
Step 10: Rank the alternatives in decreasing order of values. At this step, the alternative which has the maximum is selected.
Case Study
The methodology is applied to a case of smart phone selection and evaluation in a Turkish company. Turkish retail market with modern retail formats and large chains has played an important role in the Turkish economy. One of the most notable components can be defined as electronics and telecommunication. There are more than 68 million phone users in Turkey. The high number of mobile phone usage rates and devices in Turkey, as well as recent publications have raised our interest to establish a decision model for choosing the most suitable smart phone. In this perspective, the evaluation methodology is used in a Turkish Company X (company name is not given due to privacy concerns) which aim to purchase smart phones for their white collar employees. The process is critical because of a relatively high number (approximately 60) of smart phones to be purchased. A decision committee consisting of three experts is formed with members DM1, DM2 and DM3 with the aim to determine the most appropriate smart phone among three possible alternatives. In this evaluation process, DM1 is the procurement manager who is well informed about the mobile telecom market and is knowledgeable about available smart phone alternatives. DM2 is the human resources manager of the company, who has deep information about the profile of the Company's employees and their smart phone preferences. DM3 is the quality manager who focuses on the quality of the products.
Step 1: In this step, smart phone selection criteria presented in the 2 nd section are used and decision making process is done by the aid of experts. There are three alternatives; Iphone 6 16 GB (A1), Samsung Galaxy S6 32GB (A2) and HTC One M9 (A3). These models are selected because of their comparable prices in the Turkish market. The criteria are summarized in Fig. 2 .
Step 2: Establish DMs' weights. In this case study, the decision making procedure is carried out with the support of three DMs and the weights of DMs are determined by using Table 3 and Equation (5). The importance of linguistic variables of the three DMs is as the following:
presents as "medium importance" presents as "very important", presents as "very important". By applying Equation (5) the DMs weights are found as 0.2266, 0.3867 and 0.3867 respectively.
Step 3: The nine-and six-label linguistic evaluation scale has already been discussed in the previous section. In order to do comparisons, DMs analyze alternatives and criteria according to their interest, expertise and their intuition.
Step 4: The evaluations given by each DM for each of the three alternatives are shown in Table 5 . Rating the alternatives is carried out based on Table 3 . Next, according to these assessments R is constructed, as shown in Table 6 . As an example, by using Equation 6 
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Step 6: The aggregated weighted intuitionistic fuzzy decision matrix is formed with the Equation 8, and the result is provided in Table 9 . calculated in same way.
Step 7: Obtain the intuitionistic fuzzy positive and negative ideal solutions with the Equations 10-14. The results are given in Table 10 . For A2 and A3, the remaining r values are calculated in same way. The remaining S values are calculated in same way.
Step 9: Calculate the CC i to the intuitionistic ideal solution. Table 11 shows the final ranking and CC i . Step 10: According to the CC values, the product A1 (Iphone 6 16 GB) is identified as the best ranking phone with a score of 0.560.
Comparison / Sensitivity Analysis
Comparison with Chen's fuzzy TOPSIS
A comparative analysis is carried out to investigate the consistency of the rank and weight of the alternatives selection. The work that makes use of IF-TOPSIS is tested and compared with the results of Chen's 60 fuzzy TOPSIS method. Table 12 presents the ranking of the alternatives according to their performance indices. According to the overall result of Fuzzy TOPSIS, A2 is the best alternative followed by A1 and A3 (A2>A1>A3). The ranking of the alternatives changes very small comparing to the results of utilized IF-TOPSIS method (A1>A2>A3). From this research, the ranking orders are slightly inconsistent with Fuzzy TOPSIS due to use of different preference scales of the DMs. However, the utilized preference scale with hesitation degree is based on the IFS notation. As a summary, it can be seen that the differences in the values may come from the intuitionistic evaluations of the utilized method, providing more flexible and informative definitions of fuzzy sets.
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Sensitivity analysis
A sensitivity analysis is performed in order to determine whether the final solution is robust to changes of the weights of a specific expert. Considering that the priorities are remarkably dependent on subjective judgments of the DMs, the stability of the final ranking under different weights should be checked out. With regard to this purpose, it is better to execute a sensitivity analysis based on a set of cases that reflect different views on the relative importance of the determinants. By altering the weights and providing some insights into the results are the main idea of the analysis. Initially, DM1 has "medium", DM2 and DM3 have "very important" linguistic importance weights. This is the current situation and named as CASE 1. In the sensitivity analysis (see Table 13 ) the importance weights are changed to "very important" for DM1, "medium" for DM2 and "important" for DM3 -named as CASE 2. In another case, named as CASE3, weights are changed to "important" for DM1, "very important" for DM2 and "medium" for DM3. The results of cases are presented in Tables 14 and 15 . It is seen that as no significant changes occur in the most important alternative, the results are not sensitive to the importance weights of DMs. In other words, the sensitivity analysis shows that the changes in the DMs' weights do not cause any change in the ranking of the considered smart phone alternatives. This means that our decision is robust against possible changes in DMs' weights.
Conclusion
The main objective of this paper is to identify the most suitable smart phone alternative by taking various decision criteria and consumer preferences into account. Evaluation of smart phone options includes subjective and qualitative judgments and requires different complex factors. For this reason, the evaluation problem needs MCDM methods to correctly select the most appropriate smart phone alternative. In GDM problems, DMs' opinions may differ substantially. Therefore, to come to a meaningful and reliable solution, it is preferable to consider group decision in decision process. In this study, IF-TOPSIS is used with a GDM approach which allowed us to mathematically represent the uncertainty and vagueness and reflect the DMs' perception in the decision process. Besides, the model is illustrated with a case study to exemplify the decision framework.
This study presents a novel technique that uses an MCDM based GDM approach with IF-TOPSIS. To authors' best knowledge, this study has originality as it is the first application of IF-TOPSIS in literature with a case study of the smart phone selection problem. However, literature needs more studies conducted in other industrial fields using IF-TOPSIS.
In this paper, preferences of clients (i.e. employees of Company X) are gathered and integrated into the model with the opinions of the three managers of the same company. The aim of the next paper is to come up with another structure where every employee provides his or her personal assessment into a computersupported, automated system that is able to collect a large number of assessments from employees and to easily integrate them into the decision procedure.
Future studies are encouraged to consider more alternatives by taking the inherent complexity of the problem into account. This decision framework is planned to be extended to other disciplines as next steps. Other extended studies can include "the hesitant fuzzy linguistic terms" with TOPSIS method 61-64 as well. 
